Background {#Sec1}
==========

Globally, the prevalence of obesity has doubled during the last three decades, and in 2008, more than 10 % of the adult population was estimated to be obese \[[@CR1]\]. There is insufficient evidence to consolidate prevention strategies targeted at adults or even to recognise the best age group for intervention. The potential risk of rapid postnatal weight gain on the development of obesity later in life has drawn considerable attention in the last decade. The association between rapid weight gain in infancy and obesity in later life has been reported in some observational studies \[[@CR2]--[@CR6]\], systematic reviews and meta-analyses \[[@CR7]--[@CR11]\]. A stronger association was found between postnatal weight gain and subsequent obesity in children compared to adults. Although some studies have tracked the longer term effects of early rapid weight gain \[[@CR3], [@CR4], [@CR12]--[@CR15]\], potential mid-childhood mediating factors were hardly taken into account. Information on prospectively tracking the effects of both slow and rapid early growth into adulthood obesity status as measured by body mass index (BMI), waist circumference (WC) and waist-to-hip (WHR), in the contemporary population with a larger sample is limited. None of the studies have examined whether or not slow growth protects against obesity.

The aim of this study is to investigate the association between early weight gain in children and their overweight or obesity status in young adulthood with consideration to mid-childhood factors. We hypothesise that rapid weight gain in early life increases the risk of overweight, slow weight gain protects against overweight and mid-childhood factors, including food, physical activity and television-viewing mediate the associations.

Methods {#Sec2}
=======

The dataset used in this present study was collected from the Mater-University of Queensland of Pregnancy (MUSP), a prospective cohort study of 7223 women and their children who were born during the 1981--1984 period at the Mater Hospital in Brisbane, Australia. The Mater hospital is a tertiary hospital, located on the south side of the Brisbane River, which accommodated nearly 50 % of the deliveries in Brisbane during 1981--1983 \[[@CR16]\]. The mothers who participated in this study were public healthcare patients comprising 58 % of the total mothers attending to the hospital. A detailed description of this cohort has been published previously \[[@CR16], [@CR17]\]. The mothers who gave birth to live singleton babies and did not give their babies for adoption constituted the MUSP birth cohort. The study has continued to measure factors indicative of the development, growth, health, learning and behaviour of offspring at critical stages of life: at the 6-month, 5-year, 14-year and 21-year follow-ups \[[@CR16]\]. The average age of the young adults at 21 years follow-up was 20.65 years, with a range from 18.17 to 23.53 years. Children who were born at ≥37 weeks of gestation N = 1993 and consistently collected growth data at 6 month, 5 years, and 21 years were considered in this study.

Mothers consented to their participation and that of their babies. At 21 years, the young adults provided their consent to participate in the study. This study has been approved by the University of Queensland Ethics Committee and the Mater Hospital Ethics Committee.

In general, attrition rate was high in this long follow up study and individuals who were socially disadvantaged and had poor mental health were more likely to be lost of follow-up compared to respondents who remain in the study \[[@CR16]\]. For this study, iformation was available for a sub-sample of 1993 offspring at birth, 5 years and 21 years. This attrition might have introduced some bias in the findings. However, distribution of important exposure and outcome variables included in the analyses did not vary considerably from the original cohort (Table [1](#Tab1){ref-type="table"}).Table 1Comparison of mean values and the frequencies of crucial child and maternal characteristics from the main analysis group with the original MUSP cohortOriginal cohortMain analysis setParameterN% or Mean (SD)N% or Mean (SD)*P* value\*GenderMale357951.7102549.40.06Female334848.3105250.6Gestation (weeks)692739.6 (1.27)207739.6 (1.28)1Birth weight (g)69263430 (469)20773438 (462)0.5Z-score of birth weight69250.05 (0.98)20770.08 (0.96)0.2Z-score of weight at 6 months5451−0.19 (1.44)2077−0.17 (1.2)0.6Z-score of weight gain 0--6 months5450−0.25 (1.50)2077−0.25 (1.27)1Absolute weight at 5 years (kg)382720.5 (3.1)191020.5 (3.0)1Z-score weight at 5 years39270.25 (1.01)19100.28 (0.99)0.7Z-score of early childhood weight gain 0--5 years38260.16 (1.19)19100.14 (1.17)1Height at 21 years (cm)2550171.7 (9.2)2077172 (9.3)0.3Weight at 21 years (kg)252271.7 (16.2)207771.7 (16.2)1BMI at 21 years (kg/m^2^)252224.2 (4.96)207724.2 (4.9)1Waist circumference (cm)252381.7 (12.4)207481.7 (12.3)1Waist to hip ratio25200.83 (0.08)20720.83 (0.08)1Breast feedingYes ≥4 months191129.973135.3\<0.001Yes \<4 months314249.1100048.2Not at all13442134216.5Parity--previous birthsNo birth280440.586341.60.11212830.765031.32118617.136117.4≥380911.72039.8Mother's education--FVCIncomplete high124018.131815.4\<0.001Complete high442264.3132264.1Post high121317.642420.5Parents' racial backgroundCaucasian600889.4188593.3\<0.001Asian2904.3683.4Abor-Islander4246.3683.4Maternal smoking--FVCNone427162.2137366.60.001Smoker201029.354526.4Heavy5818.51436.9Mother's age at birth (years)692725.5 (5.10)207726.0 (5. 0)\<0.001Mother's Pre-pregnancy BMI (kg/m^2^)639521.9 (3.90)195821.9 (3.7)0.8*BMI* body mass index, *FVC* first visit to clinic\**P*-value indicates the level of significance; for categorical outcome, *X*2 test was applied; for continuous outcome, F test was used. Level of significance was set \<0.05

Measurements of outcome {#Sec3}
-----------------------

At the 21-year follow-up, the weight and height of the participants were measured during physical assessments. Two measures of height and weight were taken and the average value was used. Measurements were taken on a scale (Wedderburn Personal Scales Model UWBW150, Wedderburn, Japan) accurate to 0.2 kg when the participants were lightly clothed. Height was measured with a portable stadiometer (Road Rod 214 Portable Stadiometer, USA) and BMI was computed from height and weight measurements \[weight/height^2^ (kg/m^2^)\]. BMI was categorised into normal weight (BMI \<25 kg/m^2^), overweight (25--29.9 kg/m^2^) and obese (≥30 kg/m^2^) \[[@CR18]\] groups.

Hip circumference (HC) and WC were also measured at the physical assessments as described previously \[[@CR19]\]. The participants' WHR was computed by dividing WC (cm) by HC (cm). WC was categorised into three groups \[[@CR18], [@CR19]\]: normal (females \< 80 cm; males \< 94 cm); overweight (females 80-- \< 88 cm; males 94--102 cm); and obese (females ≥88 cm; males ≥102 cm). WHRs were also categorised into three groups \[[@CR18]\]: normal (females \< 0.8; males \< 0.9); overweight (females \> 0.8-- \< 0.85; males \> 0.9-- \< 1.0) and obese (females ≥ 0.85; males ≥ 1.0).

Measurement of exposures {#Sec4}
------------------------

Postnatal weight gain: Birth weight was measured at the hospital and each child's weight at 6 months was obtained by administrating 6-month follow-up questionnaires to the mothers. The children's weight at birth and at 6 months was measured in grams. Information was obtained from mothers who were 4--9 months post-delivery (mean 6.07 months) and age and sex adjusted z-scores for weight were internally calculated. The z-score of the postnatal weight gain was computed by subtracting the z-score weight at birth from the z-score weight at the 6-month follow-up. The values of weight \< −4SDS and \> +5.0SDS were omitted in the analyses \[[@CR8]\]. As previously considered by Ong et al. \[[@CR2]\] the z-score of postnatal weight gain was categorised into slow (\< −0.67SDS), gradual (≥ −0.67 to ≤ +0.67 SDS) and rapid growth (\> + 0.67SDS).

Early childhood weight gain: At the 5-year follow-up, the weight of the participants was measured during their physical assessments. Measurements were taken on a scale accurate to 0.2 kg when the participants were lightly clothed. Two measures of weight were taken and the average value was used. The age- and sex-adjusted z-score values for weight at 5 years were computed. As shown previously, a z-score of weight gain greater than 0.67SDS was considered rapid growth from 0 to 5 years in children.

Measurements of confounders and mediators {#Sec5}
-----------------------------------------

Potential confounding factors considered in the study include: gestation age (in weeks), parity, gender, maternal education, maternal pre-pregnancy BMI, parents' racial background and maternal smoking. Maternal BMI (kg/m^2^) was computed from self-reported pre-pregnancy weight and height which were obtained during the first visit to the clinic (FVC). Weight measurements obtained at the first visit to clinic were highly correlated with self-reported maternal pre-pregnancy weight (r = 0.950). The socioeconomic status of the mothers was measured through a recommended proxy measure: maternal education, which was collected during the FVC of the study. Maternal smoking at FVC was also considered as confounding factors.

Breastfeeding reported at 6-month follow-up (never, \<4 months 4 or more months) was considered a mediator. Adolescent's pubertal development was considered a mediator. The development of puberty at 14 years was obtained through self-revealed information using Tanner drawings (Stages 1--5) \[[@CR20], [@CR21]\]. For statistical precision, these stages were further grouped into three categories: Stages 1 and 2; Stage 3; and Stages 4 and 5. Information on fast food consumption was obtained from self-administered questionnaires. Children's physical activity was also measured from the self-administrated questionnaire in which they were asked about their engagement in exercise or sports in the previous week. The number of hours a child watched television on a weekday was obtained from their mothers' reports.

Statistical analysis {#Sec6}
--------------------

To determine any significant difference between the characteristics of the original cohort and the subsample included in the main analysis, *X*^2^ tests were performed for categorical variables (or for frequencies) and F-tests for continuously distributed variables. Multivariate logistic regression analyses were performed separately for each outcome variable after adjusting for potential confounders: gender, gestation, breast-feeding, parity, stages of puberty, fast food consumption at 14 years, television-viewing at 14 years, physical activity at 14 years, maternal education, maternal age at birth, maternal pre-pregnancy BMI, maternal smoking and race. As the exclusion of puberty did not influence the effect size, it was not included in the final model. In order to increase the statistical precision, the overweight and obese categories of the outcome variables were grouped together and considered as the overweight category.

The significant level was set as *P* \< 0.05 (two-tailed). All the analyses were carried out using Stata IC Version 12.1 software (STATA Corp. Texas, USA).

Results {#Sec7}
=======

The predictor and outcome measurements did not significantly differ between the original cohort and analytic sample (Table [1](#Tab1){ref-type="table"}). Childhood factors in the main analysis set--physical activity, television-viewing and fast food consumption by family--did not differ significantly from those in the original cohort (results not shown). However, the children in the main analysis set were more likely to be breast fed (*P* = 0.001) than those in the original cohort. Compared to the original MUSP cohort, a significantly higher percentage of mothers with higher education and a Caucasian background and who were non-smokers (pre-pregnancy) were found in the main analysis set (*P* =0.001).

Nearly 22 % of infants showed rapid weight gain in their first six months of life. Male children showed a higher growth rate than female children (24.3 % and 19.1 %, respectively) (Fig. [1](#Fig1){ref-type="fig"}). Children who were first born, and bottle-fed and had less educated, smoking and younger mothers were more likely to grow rapidly in their first six months of life (results not shown). In the first five years of life, 32 % of children exhibited rapid growth whereas 23.1 % of children grew below 0.67SDS (Fig. [1](#Fig1){ref-type="fig"}). The rate of weight gain during the first five years of life was significantly associated with maternal education, smoking and parity (*P* \< 0.001) (results not shown). When comparisons of important perinatal characteristics by rate of weight gain (slow, gradual and rapid) were made, it was found that rapid growers had a significantly higher gestation period and lower birth weight compared to children who exhibited gradual or slow growth.Fig. 1Rate of postnatal and early childhood weight gain (%) during postnatal and early childhood period in the MUSP cohort. \[Slow: \< −0.67 SDS; Gradual: ≥ −0.67-- ≤ +0.67; Rapid: \> + 0.67 SDS\]

Children who exhibited rapid weight gain had higher physical measurements at 21 years compared to gradual growers. Both males and females exhibited similar patterns. However, a significant difference was found between weight, BMI and WC measurements (*P* \< 0.001) (Table [2](#Tab2){ref-type="table"}).Table 2Distribution of outcome variables by the rate of early childhood weight gain (0--5 years) categoriesParameterRate of growth (0--5 years) by genderMalesFemalesSlow (\<0--0.67)Gradual (≥ −0.67-- ≤ +0.67)Rapid (\> + 0.67)Gradual vs rapidSlow (\<0--0.67)Gradual (≥ −0.67-- ≤ +0.67)Rapid (\> + 0.67)Gradual vs rapidNMeanSDNMeanSDNMeanSD*P* value\*NMeanSDNMeanSDNMeanSD*P* value\*Height at 21 years (cm)206176.37.02411178.86.5325179.76.710.072361646.4446165.25.91286166.66.050.002Weight at 21 years (kg)20672.013.641175.714.3232583.315.5\<0.00123660.312.544665.614.028672.817.5\<0.001BMI at 21 years (kg/m^2^)20623.14.1741123.74.032525.84.61\<0.00123622.44.3844624.05.0628626.26.13\<0.001Waist circumference at 21 years (cm)20682.410.0441184.410.332588.812.04\<0.00123574.710.3544577.711.528582.313.75\<0.001Waist to hip ratio (WHR) at 21 years2060.860.064110.870.063230.870.061.02350.790.074450.790.072840.80.080.08\**P*-value indicates the level of significance; F test was used. Level of significance was set \<0.05

Based on their BMI measurements, the prevalence of overweight was 33.6 % among young adults, which was comparable to the national prevalence for this age interval during this period \[[@CR22]\] and it did not significantly differ between the male and female groups (*P* = 0.7) (results not shown). When obesity status was classified by WC measurements, more females were overweight compared to males and the overall prevalence of overweight was in line with the classification of overweight by BMI. Based on WHR measurements, nearly 21 % of young adults were overweight and the prevalence was higher among males than females (25.6 % vs. 17.2 %, *P* \< 0.001) (results not shown).

Table [3](#Tab3){ref-type="table"} shows the unadjusted and adjusted associations of the three outcome measures of overweight (BMI, WC and WHR) with early weight gain. Compared to gradual growth, rapid growth tended to increase the risk of overweight among young adults as measured by BMI, but the association was not statistically significant (adjusted OR = 1.13, 95 % CI, 0.86--1.49) . A similar trend was observed in the WC categories (adjusted OR = 1.24, 95 % CI, 0.92--1.67). The z-score of postnatal weight gain or the rate of postnatal growth did not have any impact on young adults' WHR. Adjusting for confounders did not attenuate these associations.Table 3Association between early weight gain and young adults' BMI, WC and WHR categories in the MUSP cohort: logistic regression analysisBMI categories^a^WC categories^b^WHR categories^c^UnadjustedAdjustedUnadjustedAdjustedUnadjustedAdjustedOR95 % CIOR95 % CIOR95 % CIOR95 % CIOR95 % CIOR95 % CIZ-score of postnatal weight gain1.050.971.131.060.971.160.980.911.061.030.951.140.990.891.060.930.841.02Rate of postnatal weight gainReference: Gradual (≥ −0.67 to ≤ +0.67) Slow (\< −0.67 SDS)0.960.771.200.940.741.191.220.961.531.080.841.390.980.751.261.070.811.40 Rapid (\> + 0.67 SDS)1.130.871.471.130.861.491.200.911.591.240.921.671.050.771.420.970.711.32Z-score of early childhood weight gain (0--5 years)1.621.461.791.701.511.901.381.241.541.491.311.681.141.011.271.100.981.24Rate of early childhood weight gain (0--5 years)Reference: Gradual (≥ −0.67 to ≤ +0.67) Slow (\< −0.67 SDS)0.690.510.920.620.450.840.890.631.240.780.551.110.750.521.070.750.521.08 Rapid (\> + 0.67 SDS)2.311.832.932.351.823.031.941.492.542.201.652.951.250.941.661.160.871.57Variables considered in the adjusted model: gender, gestation, breast-feeding, parity, fast food consumption at 14 years, television-viewing at 14 years, physical activity at 14 years, maternal education, maternal age at birth, maternal pre-pregnancy BMI, maternal smoking and race*OR* odds ratio, *SDS* standard deviation score, *CI* confidence interval, *BMI* body mass index, *WC* waist circumference, *WHR* waist-to-hip ratio^a^Adjusted analysis: 0--6 months, *N* = 1768; 0--5 years, *N* = 1601^b^Adjusted analysis: 0--6 months, *N* = 1769; 0--5 years, *N* = 1396^c^Adjusted analysis: 0--6 months, *N* = 1768; 0--5 years, *N* = 1395

While slow growth reduced the risk of developing overweight/obesity (classified by BMI) in young adulthood (adjusted OR = 0.62, 95 % CI, 0.45--0.84), rapid growth substantially increased that risk compared to gradual growers (adjusted OR = 2.35, 95 % CI, 1.82--3.03) (Table [3](#Tab3){ref-type="table"}). Rapid weight gain in the first five years of life increased the risk of becoming overweight more than twofold. A similar trend was observed for WC categories. When overweight and obesity was defined by WC, the children who gained weight rapidly in their first five years of life had over a two-fold increased risk of developing overweight in young adulthood (adjusted OR = 2.20, 95 % CI,1.65--2.95). Unlike BMI, slow growth was not strongly associated with WC status. Although rapid growth increased the risk of overweight status measured by WHR, the association was not significant (unadjusted OR = 1.25, 95 % CI, 0.94--1.66; adjusted OR = 1.16, 95 % CI, 0.87--1.57) (Table [3](#Tab3){ref-type="table"}).

Discussion {#Sec8}
==========

Using a large community-based cohort study, we found that the rate of weight gain in the first six months of life was not significantly associated with BMI, WC or WHR in young adults. When excess weight gain occurred in children over a more extended period of time (birth to 5 years), it increased their risk of presenting with a higher BMI and WC in young adulthood. Slow growth appeared to reduce the risk of developing overweight, but the association was only significant with BMI. Adult overweight status measured by WHR was not significantly influenced by early weight gain. All these associations were not explained by the potential confounding and mediating factors.

A stronger association between postnatal weight gain and a subsequent higher BMI can be found in childhood \[[@CR2], [@CR5], [@CR6], [@CR23]--[@CR29]\] and adolescence \[[@CR13], [@CR30], [@CR31]\]. Many studies that reported a strong positive association between rapid weight gain and obesity later in life measured exposure and outcome at closer time-points \[[@CR5], [@CR26]--[@CR28], [@CR32]\]. From the MUSP cohort, Mamun et al. \[[@CR33]\] reported a positive association between postnatal weight gain (1 g/day in the first six months of life) and overweight at 5 and 14 years of age. In a recent study, any significant association between weight gain during 0--1 years or 1--2.5 years and obesity in young adults was not found \[[@CR14]\].. McCarthy et al. \[[@CR15]\] conducted detailed analyses from anthropometric measures at 14 time-points from birth to 5 years and then at 25 years of age, and found a positive association between infant growth and BMI at 25 years. However, weight gain between 21 months and 5 years (β = 0.99, *P* \< 0.001) predicted a stronger association than between 0 and 5 months (β = 0.43, *P* = 0.02). Although the effect size of rapid postnatal growth from this current study was comparable to the findings of McCarthy et al. \[[@CR15]\], it was not statistically significant (adjusted β = 0.45, SE = 0.30, *P* = 0.1). Whitaker et al. \[[@CR34]\] also reported that obesity before 3 years of age was weakly correlated with adult obesity. It is likely that many mediating factors in adolescence could have exerted an influence on the association and attenuated the effect at 21 years. However, our results are in contrast to some previous studies that had sample sizes \<700 \[[@CR3], [@CR4], [@CR13]\]. In industrialised countries, overweight is believed to be associated with poor socioeconomic factors \[[@CR35]\]. In the MUSP cohort, a higher percentage of mothers with low socio economic status were reported to drop out in the follow-ups \[[@CR16]\], and this was also observed in the main analysis set. Therefore, this bias could have attenuated the effect size of the association between rapid early weight gain and overweight in young adulthood.

Nutrition and life-style factors during early childhood could have a greater impact on developing the overweight phenotype than that during postnatal period. In a recent randomised control trial, the effectiveness of early intervention on healthy food intake and physical activity among Australian infants was studied \[[@CR36]\]. The authors reported that the intervention group had a significantly lower BMI at 2 years of age than the control group (0.29 kg/m^2^, 95 % CI, −0.55 to −0.02). They found measurable differences between the groups in infants' vegetable consumption, food for reward and television-viewing \[[@CR36]\]. These results suggest that early modifiable infant factors contribute considerably towards the development of overweight and obesity among children.

WC and WHR are better measurements of abdominal obesity, and the fat mass index is also strongly correlated with WC \[[@CR31]\] and in the present study, rapid weight gain during 0--6months increased young adults' WC, but the association was not significant. However this effect size is comparable with a previous study (N = 248) where weight gain 0--6 months resulted in an increased WC at 17 years (adjusted β = 1.40, *P* \< 0.004) \[[@CR13]\]. Similar results were reported for the effects of rapid gain in the first three months of life in young adults \[[@CR37]\]. It was not possible in this study to ascertain whether the observed increase in WC was due to higher symmetrical growth or abdominal obesity; however, the effects of early rapid weight gain were not substantially attenuated when adjusted for critical factors such as race, maternal pre-pregnancy BMI, physical activity and puberty. Although rapid growth at both time points measured in this study appeared to increase the risk of a higher WHR, it was not statistically significant. Similar findings were observed by McCarthy et al. \[[@CR15]\] who found that weight gain at different intervals (0--5months, 5--21months and 21 months--5 years) failed to predict any significant changes in WHR at 25 years of age. WHR is an indirect measure of metabolic disorders. As a result, it is also possible that young adulthood is still too early to differentially express the adverse effects of rapid growth through WHR although it could well be expressed in late young adulthood or mid-adulthood. Most studies reporting an association between postnatal weight gain and subsequent obesity have considered potential perinatal confounders but rarely childhood factors, which were considered in multivariate analysis. However, the validity of self-reported physical activity and television viewing may be suboptimum. Intake of fat food was measured through the frequency of fast food consumption by the family, and it may not be an accurate measure of fat intake by individuals.

Longer-term follow-up of the participants was one of the strength of the study. Measurements of weight and height by trained persons, such as those used in MUSP are considered to have a higher accuracy \[[@CR35]\].

However, there are some limitations in the study as well. The MUSP cohort predominantly consists of a middle- to-lower socioeconomic families and attrition was considerably high \[[@CR16]\]. However, our analysis and previous analyses samples from MUSP cohort show a smaller impact on findings due to attrition \[[@CR38]\]. Postnatal weight was reported by mothers during the 6-month follow-up, thus limiting the validity of the measurement. It was also not possible to define the postnatal period with regard to weight gain as the mothers were contacted 4--9 months post-delivery (mean 6.07 months). These systematic errors could have biased the association and the ability to predict the critical postnatal period. There were concerns about the accuracy of the WC measurements during the 21-year follow-up of the study \[[@CR19]\]. As the analyses employed here compared the mean values among groups and not the absolute values, it is unlikely that the observed association was substantially affected.

Conclusions {#Sec9}
===========

The findings of this prospective cohort study confirm that an increased rate of weight gain in the first five years of life is associated with a greater risk of overweight and obesity, as defined by both BMI and WC, in young adulthood. In contrast, slow early childhood growth was associated with lower young adulthood BMI levels. Waist-to-hip ratios at 21 years did not predict the adverse effects of early weight gain which could become more evident in middle age. The findings of this study suggest that slow or optimal growth in early life, especially in first 5 years of life, may protect or reduce the young adult overweight and obesity.
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